Disorders of mineral metabolism, including secondary hyperparathyroidism, are thought to contribute to extraskeletal (including vascular) calcification among patients with chronic kidney disease. It has been hypothesized that treatment with the calcimimetic agent cinacalcet might reduce the risk of death or nonfatal cardiovascular events in such patients.
2
C ardiovascular disease is very common among patients with chronic kidney disease, including those treated with hemodialysis, among whom the risk of death from cardiovascular disease is increased by a factor of 10 or more as compared with the risk in the general population. 1, 2 Cardiovascular risk factors that have been linked to chronic kidney disease include heightened states of inflammation, 3 oxidative stress, 4 activation of the renin-angiotensinaldosterone system 5 and the sympathetic nervous system, 6 endothelial dysfunction, 7 retention of uremic toxins promoting atherosclerosis and arteriosclerosis, 8 abnormalities in platelet aggregation, 9 anemia, 10 and disorders of bone and mineral metabolism, including hyperphosphatemia, hypercalcemia, and secondary hyperparathyroidism. 11 In observational studies of patients undergoing dialysis, elevated serum levels of phosphorus, calcium, parathyroid hormone, alkaline phosphatase, and fibroblast growth factor 23 (FGF23) have been associated with death and cardiovascular events. [12] [13] [14] [15] Disorders of mineral metabolism are thought to contribute to arterial calcification and diminished vascular compliance, 16, 17 contributing to myocardial ischemia, heart failure, and sudden death.
Cinacalcet (Sensipar/Mimpara, Amgen), a calcimimetic agent that acts by allosteric activation of the calcium-sensing receptor on parathyroid tissue, was approved for clinical use after its safety and efficacy in lowering levels of parathyroid hormone were shown in multiple randomized, controlled trials; levels of serum calcium and phosphorus were also consistently reduced. [18] [19] [20] In 2005, in a study that pooled the results of three such trials of cinacalcet with a duration of 6 or more months, Cunningham et al. 21 reported a reduction in the risk of cardiovascular events and fracture and a marked reduction in the rate of parathyroidectomy. The results of one trial suggested that cinacalcet attenuated the progression of vascular and cardiac-valve calcification. 22 We designed the Evaluation of Cinacalcet Hydrochloride Therapy to Lower Cardiovascular Events (EVOLVE) trial to test the hypothesis that treatment with cinacalcet would reduce the risks of death and nonfatal cardiovascular events among patients with secondary hyperparathyroidism who were undergoing dialysis.
Me thods

Study Design
In this multicenter, prospective, randomized, placebo-controlled trial, we compared cinacalcet with placebo in 3883 adults undergoing dialysis. All the patients were eligible to receive conventional therapy, including phosphate binders, vitamin D sterols, or both. The study design 23 and the baseline characteristics of the patients 24 have been reported previously. The study was approved by the institutional review board at each participating study site.
Randomization was stratified according to country and diabetes status with the use of fixed blocks. The sponsor, investigators, and patients were unaware of the treatment assignments. Table S1 in the Supplementary Appendix, available with the full text of this article at NEJM.org. Written informed consent was obtained from all patients.
Study Population
Specific inclusion and exclusion criteria are listed in
Study Intervention
After randomization, patients received either cinacalcet or placebo at a starting dose of 30 mg daily. Patients were eligible for dose escalation once every 4 weeks during a 20-week escalation phase (to 60 mg, 90 mg, 120 mg, or 180 mg daily) or every 8 weeks during follow-up, depending on levels of plasma parathyroid hormone and serum calcium. All patients received safety information regarding known risks and side effects of cinacalcet. Dialysis, phosphate binders, vitamin D sterols, calcium supplements, and other medications were prescribed at the discretion of the treating physicians, who were encouraged to adhere to published clinical-practice guidelines. Patients underwent laboratory testing, electrocardiography, and assessment of health-related quality of life according to the study design shown in Figure S1 in the Supplementary Appendix. n engl j med nejm.org 3 ble angina, heart failure, or a peripheral vascular event), as defined in detail in Table S2 in the Supplementary Appendix. Secondary end points included the time to the individual components of the primary composite end point, death from cardiovascular causes, stroke, bone fracture, and parathyroidectomy. All primary and secondary end points were adjudicated by an independent clinical-events classification group.
Biochemical Measurements
We measured plasma levels of parathyroid hormone and serum levels of calcium and phosphorus in central laboratories periodically throughout the trial. We performed an immunometric assay that detects the full-length peptide hormone along with various N-terminally truncated parathyroid hormone fragments (as captured on intact parathyroid hormone assay).
Study Oversight
The study was sponsored by Amgen. An executive committee that was led by academic investigators supervised the trial design and operation, with representatives of Amgen as nonvoting members. An independent data monitoring committee reviewed safety data and interim analyses for efficacy. The sponsor collected the trial data and analyzed them according to a predefined statistical analysis plan. The analyses were verified by independent statisticians at Frontier Science, contracted by Amgen to support the EVOLVE data monitoring committee. The protocol and its amendments are available at NEJM.org.
The lead author wrote the first draft of the manuscript, and all coauthors provided substantive editing and approval. The executive committee made the decision to submit the manuscript for publication and takes full responsibility for the integrity of the data and interpretation of trial results and for the fidelity of this report to the study protocol.
Statistical Analysis
We calculated the proposed sample size on the basis of the following assumptions: an annual rate of the primary composite end point of 23.2% in the placebo group, a 20% treatment effect, a 1.5-year enrollment period, a 4-year total study duration, an annual rate of loss to follow-up of 1%, an annual rate of dropout (withdrawal from active treatment before a primary event) of 10% in the cinacalcet group, and a rate of drop-in (use of commercially available cinacalcet before a primary event) of 10% in the placebo group. On the basis of a two-sided log-rank test for equality of survival functions, accounting for planned interim analyses with an overall alpha level of 0.05, we determined that a primary event would need to occur in 1882 patients in order to ensure a power of approximately 90%. After it became apparent that the overall (blinded) event rate was below 20.8%, we extended the trial by 16 months to allow for accrual of the requisite number of events.
We collected and analyzed all end-point data in accordance with the intention-to-treat principle. For the time to the primary event, we computed Kaplan-Meier product-limit estimates of the eventfree survival time and compared groups using a two-sided log-rank test stratified according to country and diabetes status. We calculated relative hazards and 95% confidence intervals from Cox proportional-hazards regression models, stratified according to country and diabetes status. We conducted prespecified multivariable analyses in which we adjusted for baseline characteristics. We used a closed-testing procedure to control the family-wise type I error rate at 0.05 between the primary composite end point and the secondary end points. The Hochberg procedure was prespecified to test significance among secondary end points. Since the primary end point was not significant, reported P values should be considered nominal.
We conducted prespecified companion analyses with lag censoring, in which data were censored 6 months after patients stopped using a study drug. We chose 6 months as the anticipated duration of any effect of altered mineral metabolism on extraskeletal calcification. Reasons for discontinuing a study drug before an end point included kidney transplantation, parathyroidectomy, and initiation of commercially available cinacalcet. We conducted companion analyses in which data were censored after these three events, alone or in combination. Finally, we compared event rates for all components of the primary composite end point using negative binomial regression and analyzed the time to multiple individual cardiovascular events, using the Andersen-Gill extension of the Cox model. Data on adverse events were collected while patients were taking a study drug. Three prespecified interim analyses were conducted by Frontier Science with the use of intention-to-treat data, with no censoring or adjustment (at approximately 25%, 50%, and 75% of accrued events), resulting in a significance level of 0.044 for the final analysis. Statistical analyses were performed with the use of SAS software, version 9.2 (SAS Institute). Among patients who discontinued participation in the study, in the cinacalcet group, 28 deaths were reported in a search of vital status, and 37 patients had unknown vital status at the time of study termination. In the placebo group, 34 deaths were reported in a search of vital status, and 43 patients had unknown vital status at study termination. PTH denotes parathyroid hormone. (Fig. 1 ). The trial population was diverse in terms of age, sex, and race or ethnic group; diabetes mellitus and underlying cardiovascular disease were relatively common (Table 1) . A detailed description of baseline characteristics is provided in Table 3 in the Supplementary Appendix.
Study Treatment
The median duration of study-drug exposure was longer in the cinacalcet group than in the placebo group (21.2 months vs. 17.5 months). The daily median dose was 55 mg (10th to 90th percentile, 28 to 130) for cinacalcet and 125 mg (10th to 90th percentile, 43 to 161) for placebo. A total of 80.0% of patients in the placebo group reached the maximum daily dose, as compared with 38.3% of those in the cinacalcet group. Figure 2 shows the cumulative incidence of discontinuation of the study drug. Using the original assumption of a 20% treatment effect, but with the observed study duration and observed rates of events, dropout, and drop-in, which we assumed to be constant, we reestimated the statistical power to be 54%. Table S4 in the Supplementary Appendix provides additional details about study-drug discontinuation. In the placebo group, 384 of 1935 patients (19.8%) began receiving commercially available cinacalcet before the occurrence of a primary event (corresponding to an annual rate of 7.4%). In the cinacalcet group, 1207 of 1948 patients (62.0%) discontinued the study drug, corresponding to an annual rate of 27.3%. Although study-drug discontinuation was common, only 2.1% of patients were lost to follow-up during the study period of more than 5 years.
Intention-to-Treat Analysis
Primary Composite End Point
The primary composite end point was reached in 938 of 1948 patients (48.2%) in the cinacalcet group, as compared with 952 of 1935 patients The numbers of events for the components of the composite end point in the cinacalcet group were 703 deaths, 187 myocardial infarctions, 56 hospitalizations for unstable angina, 206 episodes of heart failure, and 184 peripheral vascular events. In the placebo group, the numbers were 718 deaths, 183 myocardial infarctions, 66 hospitalizations for unstable angina, 236 episodes of heart failure, and 200 peripheral vascular events. Relative hazards for the components of the composite end point minimally favored the cinacalcet group (Fig. 3B through 3F) . Figure S2 in the Supplementary Appendix shows relative hazards for the primary composite end point stratified according to prespecified baseline clinical characteristics. The effect of cinacalcet was more pronounced among older patients (P = 0.03 for interaction).
Secondary End Points
Stroke was adjudicated in 115 patients in the cinacalcet group as compared with 102 patients in the placebo group (relative hazard, 1.07; 95% CI, 0.82 to 1.40; P = 0.61). Death from cardiovascular causes was reported in 377 patients in the cinacalcet group and 391 in the placebo group (relative hazard, 0.92; 95% CI, 0.80 to 1.07; P = 0.28). Parathyroidectomy and fracture results are shown in Text A in the Supplementary Appendix.
Multiple Cardiovascular Events
Myocardial infarction, hospitalization for unstable angina, heart failure, and peripheral vascular and stroke events per patient are shown in Figure  S3 in the Supplementary Appendix. Cumulative event rates for the primary composite end point were 25.3 (95% CI, 24.1 to 26.5) per 100 patientyears in the cinacalcet group and 27.3 (95% CI, 26.0 to 28.5) per 100 patient-years in the placebo group, a nominally significant result (P = 0.02). There were no significant effects of cinacalcet on the risk of multiple cardiovascular events ( Table  S6 in the Supplementary Appendix).
Biochemical Measures
Median plasma levels of parathyroid hormone and serum levels of calcium, phosphorus, and the calcium-phosphorus product over time are shown in Figure S4 in the Supplementary Appendix. As expected, there was substantial group separation in levels of parathyroid hormone and calcium, which was maximal at approximately 4 months and narrowed over time.
Concomitant Interventions
The provision of antiplatelet agents, statins, betablockers, and inhibitors of the renin-angiotensinaldosterone system did not materially change over time in either group (Fig. S5 in the Supplementary Appendix).
Lag-Censoring Analysis
Censoring of data at 6 months after study-drug discontinuation yielded 638 primary composite end points in the cinacalcet group as compared with 658 in the placebo group (relative hazard, 0.85; 95% CI, 0.76 to 0.95; P = 0.003) (Fig. 4A ). Figure 4 , panels B through F, shows the components of the primary composite end point with the use of lag censoring; mortality was significantly reduced in the cinacalcet group (relative hazard, 0.83; 95% CI, 0.73 to 0.96; P = 0.009). Table S7 in the Supplementary Appendix shows the results of an exploratory analysis comparing a range of lag durations used in calculating the relative hazard for the primary composite end point. Figure S6 in the Supplementary Appendix shows corresponding values for median levels of parathyroid hormone, calcium, phosphorus, and the calcium-phosphorus product; larger relative differences were sustained over time.
Other Sensitivity Analyses
When we censored data for patients after kidney transplantation, parathyroidectomy, or use of commercially available cinacalcet, relative hazards for the primary composite end point were 0.90 (95% CI, 0.82 to 0.99; P = 0.03) for all three prespecified analyses. Censoring at the time of any of these three events yielded a relative hazard of 0.84 (95% CI, 0.76 to 0.93; P<0.001). An inverse probability of censoring-weighted analysis is presented in Text B in the Supplementary Appendix.
Adverse Events
Hypocalcemia developed in seven times as many patients in the cinacalcet group as in the placebo group, and nausea and vomiting were twice as common with cinacalcet ( Table 2 ). Adverse effects led to discontinuation of the study drug in 18.1% of patients in the cinacalcet group and 13.0% of those in the placebo group. Rates of serious adverse events were similar in the two groups. Neoplastic events occurred in 115 patients in the cinacalcet group and 90 patients in the placebo group, corresponding to exposureadjusted rates of 2.9 and 2.5 events per 100 patient-years, respectively. Of the neoplastic events, 25 in the cinacalcet group and 23 in the placebo group were fatal (exposure-adjusted event rate, 0.6 per 100 patient-years in each group). Organspecific neoplastic events are listed in Table S8 in the Supplementary Appendix.
Discussion
A limited number of interventions that are designed to enhance overall and cardiovascular health have been tested in patients undergoing dialysis. Normalization of the hematocrit with erythropoiesis-stimulating agents resulted in nominally higher rates of death, cardiovascular events, and vascular-access thrombosis. 25 Higher-dose dialysis and high-flux dialysis membranes did not reduce the rates of death or cardiovascular events or improve nutritional status or health-related quality of life. 26 Several trials of 3-hydroxy-3methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors showed no significant benefits, [27] [28] [29] despite consistently positive effects in the general population and in patients with chronic kidney disease not requiring dialysis. [29] [30] [31] Secondary hyperparathyroidism has emerged as one of several complications associated with chronic kidney disease that might explain the exceptionally high rates of cardiovascular events and death among patients with end-stage renal disease. Several observational studies have shown significantly increased risks of death and cardiovascular events associated with levels of parathyroid hormone in excess of 600 pg per milliliter. 12, 13 Other studies have shown mixed results, 14, [32] [33] [34] with U-shaped, null, or inverse associations between the parathyroid hormone level and mortality, possibly confounded by nutritional status or inflammatory disease. No randomized, controlled trial has determined whether lowering the parathyroid hormone level reduces rates of death, cardiovascular events, or other major complications of mineral and bone disorders associated with chronic kidney disease.
In our study, there was a nonsignificant 7% reduction in the risk of the primary composite end point with cinacalcet in the intention-to-treat analysis. Given this result, the trial should be interpreted as nondefinitive. After adjustment for baseline characteristics, there was a nominally significant 12% reduction in risk. Other large randomized, controlled trials have shown more pronounced effect estimates after adjustment for unexpected differences in baseline determinants of risk. [35] [36] [37] Although analyses accounting for studydrug exposure are subject to chance, bias, and confounding, we observed consistent (and nominally significant) effects, including a 15% reduction in the primary composite end point and a 17% reduction in mortality. Since parathyroidectomy or the initiation of treatment with commercially available cinacalcet would be expected to sharply reduce parathyroid hormone levels, differential application of these interventions after randomization would be expected to reduce the separation between groups and bias the estimate of the treatment effect toward the null.
The trial results must be interpreted in context. Patients undergoing dialysis are frequently frail and chronically ill. In the United States, mortality (20.7% per year) and morbidity (median, 2 hospitalizations and 12 hospital days per year) are extraordinarily high for such patients, 38 who commonly have cardiopulmonary, gastrointestinal, musculoskeletal, and neurocognitive symptoms, along with a median pill burden of 19 per day. 39 Thus, recruitment for and retention in clinical trials is particularly challenging.
Cinacalcet reduced the rate of parathyroidectomy by more than half. The use of parathyroidectomy varied widely according to age, sex, and geographic region, with the lowest use in the United States and among the elderly. In an attempt to account for variation in the use of a surgical procedure for which there are no definitive indications, we used a conservative definition of severe, unremitting hyperparathyroidism that was based on available clinical-practice guidelines (Text A in the Supplementary Appendix). Combining data from patients who met biochemical criteria for severe, unremitting hyperparathyroidism with those from patients who actually underwent parathyroidectomy may provide a more accurate measure of secondary hyperparathyroidism that is refractory to conventional medical therapy.
Our study has several strengths. We enrolled patients from many geographic regions, who were diverse in terms of age, race or ethnic group, and underlying kidney and cardiovascular disease. Patients who were assigned to receive either cinacalcet or placebo were all eligible to receive active therapy for mineral and bone disorders associated with chronic kidney disease, including phosphate binders and vitamin D sterols, along with frequent prescription of antihypertensive,
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